Structure ofthe Mature Breast
The breast consists of fifteen to twenty basic units, known as segments or lobes. Each comprises a branching duct system which opens on to the nipple and communicates with the secretory lobules. The lobule is a complex of tubules, acini and loose intralobular connective tissue. They are separated by denser connective tissue which forms the general supporting stroma of the breast. The main segmental ducts and their branches have a lining of a double layer of cubical or low columnar cells, and are surrounded by a network of elastic tissue of variable thickness. In the resting lobules the tubules and acini also have a double layer of epithelial cells. The size of the lobule, as seen histologically, varies with the plane of section as well as with the degree of hormonal stimulation in the individual concerned. The total breast mass and proportion of fat are also variable. Thus the accurate assessment histologically of lobular activity is very difficult, if not impossible.
Involution
Involution usually occurs at the menopause, but may precede it by several years. Mature breast tissue may persist after the menopause, however, and involution does not affect all parts of the breast equally. Often it proceeds in a segmental manner which may be quite haphazard. An involuting lobule shows loss of epithelial cells, the basement membranes thicken and the loose intralobular connective tissue decreases in amount and increases in density. Ultimately only the outline of the lobule can be distinguished, with a few scattered surviving epithelial cells set in dense collagenous tissue. There is also regression of the duct system and only the larger ducts persist. The dense interlobular connective tissue atrophies with variable fatty replacement determining the ultimate size of the breast.
Mammography is of value in the pre-operative diagnosis of mammary dysplasia, duct ectasia and neoplasms.
Mammary Dysplasia
In 1829, Astley Cooper differentiated cystic disease of the breast from carcinoma, and initiated controversy over almost every aspect of the condition. There is no general agreement on nomenclature and we have followed several American pathologists and use 'dysplasia' as a generic term, recognizing that various elements go towards the pathological picture. These components are diffuse fibrosis, adenosis and sclerosing adenosis, cyst formation, apocrine or 'pink-cell' metaplasia, epitheliosis and inflammatory changes. These changes may be seen in all combinations; they may occur in a localized or diffuse manner; they may be unilateral or bilateral, and they may be progressive or static. The condition occurs from puberty onwards but is most common about the time of the menopause or later. Although the etiology is not yet fully understood mammary dysplasia is usually thought to be the result of endocrine imbalance, with a mixture of proliferative and regressive clfanges.
By adenosis we mean epithelial proliferation involving acini and tubules and conforming to a lobular pattern. Sclerosing adenosis is an unusual involutionary change characterized by proliferation of fibrous tissue within the lobules and fusion with basement membranes before there is any significant loss of epithellal cells, in such a way as sometimes to cause confusion with carcinoma, histologically. It is generally agreed that adenosis and sclerosing adenosis are not important as premalignant changes. Cysts may be of microscopic dimensions, usually having a lobular distribution, or larger, tension cysts. The latter probably arise by obstruction ofpart of the duct system, either by epithelial hyperplasia or by kinking of a ductule as a result of fibrosis. Fluid continues to be secreted into the obstructed duct or ductule and tension develops. Not all cysts continue to enlarge, but if untreated some may reach massive dimensions. Enlarged epithelial cells with pink cytoplasm, which superficially resemble sweat-gland epithelium, may be seen in cysts, lobules, ducts or a fibroadenoma. It is generally agreed that the change is metaplastic in nature and is not, in itself, potentially malignant. Nevertheless 'pink-cell' cancers are occasionally encountered and have probably arisen from such metaplastic epithelium. Epitheliosis is a type of epithelial proliferation distinct from adenosis and, while it may affect acini or cysts, is most usually seen in ducts and ductules. It may occur in a diffuse manner around the circumference of the ducts, so that the epithrlium becomes six or seven layers deep. In more advanced cases the duct may be distended and completely filled, either by a solid plug of cells or in a cribriform manner. Alternatively, the proliferation may take place in a more focal manner, so that multiple papillary ingrowths are produced. Epitheliosis may be accompanied by the cytological changes associated with malignancy, and all grades can be traced from slight hyperplasia to frank intraduct carcinoma with focal invasive growth. Rarely, epitheliosis may affect lobules and again gradations to frank lobular carcinoma may occur. Pathologists now generally agree that dysplasia is to be regarded as predisposing to malignancy, and that the important component in this respect is epitheliosis.
Duct Ectasia
This condition, of unknown etiology, usually affects parous women over the age of 40. It was first recognized by Bloodgood (1923) who referred to it as 'a varicocele tumour of the breast' and a variety of names have been given to it since, including plasma cell mastitis and secretory disease. Duct ectasia is often described as rare, but is probably fairly common although it seldom gives rise to clinical features (Bonser et al. 1961 , Frantz et al. 1951 . The condition may be localized to a small part of the breast, or may involve several ducts over a wide area. The earliest change is chronic inflammatory exudate surrounding the duct and extending into the nearby stroma. Periductal elastic tissue is damaged and duct dilatation occurs. Later there is periductal fibrosis of variable severity fixing the duct in its dilated state. These dilated ducts contain inspissated secretions, and focal calcification, sometimes extensive, may be seen. The relation of duct ectasia to carcinoma is uncertain, but Bonser et al. (1961) consider that no good evidence exists that the condition is precancerous.
Fibroadenoma and Sarcona
A fibroadenoma is a benign, well-circumscribed neoplasm involving both epithelial and stromal tissues. They are found most commonly between the ages of 20 and 35, but may be diagnosed for the first time in older women. They are usually single, but may be multiple and bilateral. Reactivity to hormones is retained and the neoplasm may increase in size during pregnancy and subsequently show evidence of lactation. After the menopause they usually fail to enlarge. Histologically, they consist of epithelial-lined acini, tubules and clefts surrounded by spindle-celled stroma. Generally, the younger the patient the looser and more cellular the stroma. Examples from older women tend to have a stromal component of low cellularity associated with much collagenization and possibly calcification.
Malignancy may occasionally supervene on a fibroadenoma but this is almost invariably a sarcoma, carcinoma being very rare. 'Cystosarcoma phyllodes' is often used to describe rapidly growing giant and malignant variants of fibroadenoma. Giant fibroadenoma is usually seen in middle-aged and elderly patients and presents as a rapidly growing tumour which may lead to skin ulceration. Some of these arise from a preexisting fibroadenoma, while others appear to start de novo. Histologically, some of these tumours are of low cellularity and are regarded as benign, while others are sarcomatous. Other types of benign and malignant mesenchymal tumours are rare.
Carcinoma ofthe Breast
Carcinoma of the breast accounts for some 20 % of all malignant disease in women and causes the death ofabout 3 % over the age of40. Carcinoma is rare below the age of 30 and most cases occur between 40 and 70. In size, breast cancers vary considerably but are usually some 3-5 cm in diameter when diagnosed. They are pink or grey in colour and vary in consistency from soft to very tough. In most the outline is ill defined with prolongations spreading from the periphery into the surrounding tissues, but a small proportion of cases have a clear-cut, smooth or lobulated periphery.
The site of origin of the cancer can be discerned histologically in only a small proportion of cases, but it is thought that at least 95 % arise from duct epithelium and the remainder originate in lobules. Multifocal origin can be demonstrated in some cases. Histologically, the majority have no special structure but about 20-25 % of cases are particular types. The appearance of the majority depends on several factors including the degree of cellular pleomorphism and the extent of differentiation, which ranges from well-formed adeno-Section ofRadiology 769 carcinoma to anaplastic. The amount of stroma varies from the medullary carcinoma, which has very little supporting fibrous tissue, to tumours with a dense scirrhous reaction. An infiltration of plasma cells and lymphocytes may be seen peripherally, while interference with nutrition results in areas of necrosis. The histological pattern may vary from one area to another, and the appearance in secondary deposits may differ from that of the primary growth. For these reasons most pathologists have shown little enthusiasm for grading techniques designed to relate histological pattern to prognosis. Nevertheless Bloom & Richardson (1957) have shown that a grading system may be of value, and need not be such a complex process as to make it impracticable in routine work. The special types of carcinoma are often associated with a favourable prognosis. While areas of intraductal growth are seen in many breast cancers, in a small proportion of cases the tumour is entirely, or almost, confined to growth within ducts. There is usually central necrosis, often associated with calcification, and it is this which results in the worm-like extrusions seen when the tumour is sectioned. When invasive growth is absent prognosis is good (Stapley et al. 1955) . A medullary carcinoma also has a relatively good prognosis (Moore & Foote 1949, Richardson 1956). Characteristically these tumours are soft, bulky and usually well circumscribed with a smooth periphery. Histologically they are highly cellular with little stroma, and there are usually areas, often large, of necrosis. A proportion show extensive infiltration with lymphocytes. A mucoid carcinoma is also usually well circumscribed. It has a gelatinous appearance when cut, and histologically consists of clumps of tumour cells surrounded by mucin. The prognosis of this type of carcinoma has caused dispute in the past but most workers agree that it is favourable (Melamed et al. 1961) . Papillary carcinoma is an uncommon variant. The tumour tends to ramify in ducts and involve a segment of the breast. Prognosis is generally good (Kraus & Neubecker 1962) . In a 'pink-cell' carcinoma the tumour cells are large with pink-staining cytoplasm. They are thought to arise from the metaplastic cells seen in dysplasia. Again the prognosis is thought to be better than average. Other variants are encountered rarely.
Calcification
Calcification is observed in some breast radiographs and is useful diagnostically. Leborgne (1951) described groups of dot-like calcific particles in 30 % of breast cancers. Otherworkers have emphasized the value of this finding although the incidence varies in different reports. We have found calcification in pre-operative mammograms in 29 (39 %) of 74 carcinomas. By X-raying paraffin-embedded blocks of tissue from surgical specimens we have found calcification in 27 (44 Y.) of 62 carcinomas, 7 (17 %) of42 cases of dysplasia, and 5 (18%) of 28 examples of fibroadenoma. Tumours in other situations have also been examined, 32 out of 300 showing calcification. In a similar investigation by Shepard et al. (1962) , calcification was found in 75 % of breast cancers. In carcinoma, calcification is most often seen in central areas of necrosis in intraductal growth. Small foci may occur unrelated to necrosis, possibly representing an intraductal origin, later obscured by reinvasion of the area by the tumour. Calcification may also be encountered in necrotic tumour in lymphatics at a distance from the main mass, a finding of prognostic significance (Gricouroffetal. 1951) . In benign lesions, calcification is usually coarser or more widely distributed in distinction to the appearance in carcinoma. In duct ectasia, it is characteristically seen in the line of ducts and confusion with intraduct carcinoma may occur. Vascular calcification is occasionally encountered, especially in elderly women.
Mammography andPrognosis
At present there is little evidence correlating radiographic appearances with prognosis, but a possible approach may arise from observations of Lane et al. (1961) . They analysed a series of 241 cases of breast cancer treated by radical mastectomy (6 having radiotherapy in addition) and followed up for a minimum of ten years. Thirty-seven of the tumours were mainly or completely intraductal, or were of another special type, for example mucoid. The remaining 204 cases were divided into two groups on the basis of the gross appearance. Those having an irregular serrated or stellate periphery with projections into the surrounding tissues constituted about threequarters, and had a ten-year survival rate of 38 %. On the other hand those with a well-delimited contour, either rounded or lobulated, had a tenyear survival rate of 80 %, and this was unrelated to the size ofthe tumour. The explanation of these results is uncertain, for only one-third of the 'smooth outline' group were medullary carcinomata, while most of the cases were the usual type of infiltrating carcinoma with varying degrees of differentiation and stromal reaction. If this work is confirmed, radiography ofthe breast, by picking out the 'smooth outline' group, may be of value prognostically as well as diagnostically.
Dr Eric Samuel (Department ofDiagnostic Radiology, Royal Infirmary, Edinburgh)
Soft-tissue Radiology of the Breast
Plain radiography of the breast (mammography or mammogram) is the technique of soft-tissue radiography of the breast using the inherent contrast of the different structures of the breast as a means of demonstrating pathological processes.
Technique
The success or otherwise of any programme of X-ray examination of the breast by plain radiography largely depends on meticulous technique and a thorough understanding of the changes that occur during the normal physiological phases of breast changes. We have used a unit which has been specially adapted for breast radiography, which, although satisfactory, could be much improved. The desiderata for breast radiography may be classed as follows:
(1) Focal spot: The smallest sized focal spot possible would be ideal, and a 0 3 or 0 1 mm focal spot would greatly enhance the detail obtained. However, in practice the loading demanded is such that a 1 mm focal spot is used. The gain in definition from the use of the 0-3 mm focal spot is offset by the motional blur consequent on a longer exposure necessitated with the use of such tubes.
(2) Filtration ofthe tube: A maximum filtration of not more than 0-5 mm of aluminium is essential. Special tubes in which the inherent filtration has been removed have been used'(Dunlee tubes) but we have no personal experience of the use of such tubes. However, Mr A Beetlestone of Mullards has produced a tube which has no inherent filtration and which is capable of heavy loads of 1,000 mA up to 50 kV. We are at present investigating the potentialities of such a tube.
(3) Cones: Specially designed long cones, with a cut-out section moulded to the thoracic wall, have been used. Fo'am nylon (plastic) moulds have been used to enable some configuration and compression of the breast to be obtained. We have considered, but not tried, the method of immersion of the breast in oil as we believe that it is too cumbersome to use in clinical practice.
(4) Radiographicfactors: The radiographic factors we have used are as follows: [28] [29] [30] [31] [32] [33] [34] [35] kV and 400-500 mA at a distance of 28 in. We are using an unrectified 100 MK Philips unit, modified from a portable machine, and have obtained the relatively low kV by tapping the mid-point of the primary transformer. Undoubtedly a full rectified unit would be of considerable advantage as it is noticeable that in the lateral positions motional blur, associated with the relatively long exposure, is responsible for the major loss of detail that occurs in this view. (5) Films: Industrial fine grain films have been used throughout this examination. Kodak Industrialex films, whilst considerably faster (onethird of the dose required) do not give the same detail as their Ilford counterpart and as a consequence we have used the latter for preference.
Radiographic Positions
(1) Cranio-caudal: This is the most satisfactory position; the patient is seated, with the breast resting on a specially prepared shelf (plate). Slight compression of the breast has been recommended, but we feel that the distortion of the breast architecture militates against the usefulness of compression. However, it is possible that when the lump has been located the use of compression with a small cone localized to the area will give improved detail.
(2) Lateral: The patient is supine and is rolled on to the affected side; the breast lies in a cradle of polyfoam nylon. Unfortunately in this position the axillary tail of the breast is frequently not demonstrated and at least two of our errors have arisen by technically faulty films which failed to demonstrate this portion of the breast.
Material
In our series two main types of cases have been investigated: (1) Patients referred with 'lumps in the breast'. (2) Asymptomatic gynacological patients routinely investigated. In the type 1 patient, a careful examination of the breast should be included as localization of the lump, by means of a metallic marker, will greatly assist in the subsequent interpretation of the radiographs. A clinical inspection, too, will prevent the mistake where a florid mammary encephaloid carcinoma, such as the lactating carcinoma of pregnancy, is mistaken on the radiograph for normal breast tissue, as occurred in one case in our series.
The breast having been radiographed and an opinion expressed, if subsequently a mastectomy has been performed, slicer sections of the breast have been radiographed and results compared with histological findings and pre-operative X-rays.
